Objective: The gene SLC15A4 (solute carrier family 15 [oligopeptide transporter], member 4) has been reported as contributing to the pathogenesis of systemic lupus erythematosus (SLE). We performed a case-control replication study to investigate further the association between single-nucleotide polymorphisms (SNPs) in the SLC15A4 gene and systemic SLE in a Han Chinese population. Methods: In Han Chinese SLE patients and healthy individuals (n = 355, 375, respectively), 18 SNPs in the SLC15A4 gene were genotyped using matrix-assisted laser desorption/ ionization time-of-flight mass spectrometry and TaqMan SNP genotyping assays. Analyses of allele frequencies and genotypes using codominant, dominant, and recessive models were conducted, as well as a linkage disequilibrium analysis. P values < 0.05 were considered significant. Results: Allele frequencies of five of the analyzed SNPs were significantly associated with SLE. Under a codominant model the genotype frequencies of rs3765108 AG and rs7308691 AT were significantly higher in the SLE group than the control group ( p = 0.019, 0.049, respectively). Under a dominant model the rs1385374 (TT+CT) SNP carried a higher risk of SLE than (CC) ( p = 0.042). One SLC15A4 haplotype (TA), which consists of 2 SNPs (rs959989 and rs983492), was associated with SLE ( p = 0.024). Conclusion: Our study determined that five SNPs (rs959989, rs1385374, rs983492, rs12298615, and rs10847697) are associated with SLE. Thus, SLC15A4 may be important in the pathogenesis of SLE in Han Chinese patients.
Introduction

S
ystemic lupus erythematosus (SLE) is a complex autoimmune disease with multiple organ injury. SLE is characterized by aberrant T-and B-cell activation, leading to upregulation of autoantibody production and loss of immunological tolerance to self-nuclear antigens. The etiology of SLE is complex and involves the interaction of genetic, epigenetic, environmental, hormonal, and immunoregulatory factors (Tsokos, 2011) . In recent years, the genes causing SLE have been identified, with more than 40 susceptible loci, by using targeted, genome-wide linkage analysis and, especially, genome-wide association studies (GWASs).
SLC15A4 (solute carrier family 15, member 4), is a protoncoupled histidine and oligopeptide cotransporter that contains 12 membrane-spanning domains. SLC15A4 is predominantly transcribed in the brain and immune cells, and especially in plasmacytoid dendritic cells (Yamashita et al., 1997; Sasawatari et al., 2011; Nakamura et al., 2014) . Through research with SLC15A4-mutant or SLC15A4-deficient mice, lack of SLC15A4 has been linked to impaired nucleotide oligomerization domain-1 (NOD1)-, toll-like receptor 7 (TLR7)-, and TLR9-dependent cytokines such as type 1 interferon (IFN), all of which are indispensable to the pathogenesis of SLE (Sasawatari et al., 2011; Baccala et al., 2013; Kobayashi et al., 2014) .
Recent GWASs reported that SLC15A4 is a lupusassociated locus in both the Chinese and Korean populations (Han et al., 2009; Lee et al., 2014) . A genotype-phenotype analysis indicated that the single-nucleotide polymorphism (SNP) rs10847697 of the gene has a stronger genetic effect on SLE patients with discoid rash in Han Chinese people (He et al., 2010) . Another group showed that the SNPs rs10847697 and rs1385374 of SLC15A4 were significantly associated with renal involvement in SLE in Caucasian populations (Wang et al., 2013) . All of these observations indicate that mutants or polymorphisms of SLC15A4 have an indispensable role in the pathogenesis of SLE.
To our knowledge, previous studies have focused only on the two SNPs identified from the GWASs. However, the GWASs genotyped hundreds of thousands of tag-SNPs using the Illumina platform, which demands a highly significant p-value, and therefore, some SNPs associated with SLE may have been missed.
In the present study, we evaluated associations between SLC15A4 polymorphisms and SLE in southwestern Han Chinese people through comparisons between 355 SLE patients and 375 healthy individuals. In particular, we focused on the association of alleles and genotypes of 18 SNPs with SLE, and a linkage disequilibrium analysis of these SNPs.
Materials and Methods
The local regional ethics committee approved the study. All participants provided written informed consent.
Patients and controls
A case-control study was performed with 355 SLE patients (10 men and 345 women, mean age 32.3 -12.5 years) and 375 healthy individuals (control group; 18 men and 357 women, mean age 34.0 -7.6 years). All subjects were from the Chongqing, Sichuan, Yunnan, or Guizhou areas of southwestern China and are of Han Chinese ethnicity. Patients were recruited from the Department of Dermatology, Southwestern Hospital of the Third Military Medical University (Chongqing, China) from January 2008 to March 2013. All patients with SLE had fulfilled the revised diagnostic criteria of the American College of Rheumatology (1997) and excluded other systematic or autoimmune diseases (Hochberg, 1997) . Blood samples from the control group were collected at the Medical Examination Center of the same hospital during regular health examinations. All of the healthy individuals were free of history or symptoms of SLE or other autoimmune diseases.
DNA samples and genotyping assays
Venous peripheral blood (2 mL) was collected from each participant with ethylenediaminetetraacetic acid anticoagulant and stored at -80°C until used. Genomic DNA was isolated using a genomic DNA extraction kit (Sangon Biotech) in accordance with the manufacturer's instructions. 
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Eighteen SNPs were selected based on a tagger SNP selection algorithm using the default settings in Haploview 4.2 or associations with SLE that have been reported in previous studies (Han et al., 2009) . In addition, all SNPs came from the international HapMap project databank for the Han Chinese population of Beijing, China, with a minor allele frequency >0.05. For genotyping the 18 SNPs with appropriate methods, 16 of the 18 SNPs were detected by matrix-assisted laser desorption/ionization time-of-flight mass spectrometry (MALDI-TOF MS), with an SNP sequence-specific extension primary added into the polymerase chain reaction (PCR) amplification products (Sangon Biotech). By using a MassARRAY Nanodispenser (Sequenom), the completed genotyping reactions were spotted onto a 384-well SpectroCHIP (Sequenom) and measured using transient (10 -9 ns) strong laser excitation. Genotype determination was performed in real time with MassARRAY RT software version 3.0.0.4 and analyzed using the MassARRAY Typer software version 3.4 (Sequenom). The genotyping success rate was >95%.
Genotyping of the remaining two SNPs (rs 7965732, rs 3765108) was performed using TaqMan SNP Genotyping Assays on a LightCycler480 real-time PCR system (Roche). Amplification was performed in a 20-mL reaction volume consisting of 10 mL 2· TaqMan Master Mix, 1 mL 20· Primer and TaqMan Probe (FAM VIC) dye mix, 7 mL ddH 2 O, and 2 mL template DNA. The following thermal cycle conditions were used: prerun at 95°C for 4 min; then denaturation at 95°C for 15 s; and an annealing step at 60°C for 1 min in each of 40 cycles.
Statistical analysis
Data were analyzed with SPSS software for windows (version 17.0; SPSS). The Hardy-Weinberg equilibrium test was applied to examine the genotype frequency of each SNP, using the exact chi-squared test for both the SLE patients and the healthy controls. Linkage disequilibrium blocks of all SNPs were analyzed with Haploview. Conditional logistic regression analysis was applied to evaluate the independent 
Results
Allele frequency distribution of SLC15A4 polymorphism
The ages and genders of the patient and control groups were statistically similar. All polymorphic frequencies were confirmed to be in the Hardy-Weinberg equilibrium in both groups.
The distribution of allele frequencies of 5 of the 18 SNPs from SLC15A4 was significantly different between the groups (Table 1) . Specifically, the following SNPs were associated with an increased risk of SLE: rs959989 T (OR 1.317, 95% CI 1.027-1.689), rs1385374 T (OR 1.332, 95% CI 1.039-1.707), and rs983492 T (OR 1.295, 95% CI 1.001-1.675). The post hoc calculated statistical power of these SNPs (rs959989 T, rs1385374 T, and rs983492 T) was 58.5%, 62.0%, and 51.1%, respectively.
Associated with a decreased risk of SLE were rs12298615 G (OR 0.778, 95% CI 0.606-0.998) and rs10847697 G (OR 0.770, 95% CI 0.600-0.986). We performed a post hoc power analysis and found that the statistical power of rs12298615 G was 50.1% and that of rs10847697 G was 54.3%, with a 5% type-1 error rate.
Genotype frequency distribution of SLC15A4 polymorphism
For better understanding the effect of the SNP genotype on the risk of SLE, the genotype distributions of the SLE and control groups were compared using codominant, dominant, and recessive models (Tables 2-4, respectively). The results (Table 2) indicate that in both the SLE and control groups, the frequency distribution of the AG genotype of rs3765108 was significantly higher than that of the AA genotype ( p = 0.019, OR 1.447, 95% CI 1.063-1.970), and the frequency distribution of the AT genotype of rs7308691 was significantly higher than that of the AA genotype ( p = 0.049, OR 1.645, 95% CI 1.000-2.705). According to the analysis using the dominate model (Table 3), only one SNP (rs1385374, TT+CT cf.CC, p = 0.042, OR 1.1363, 95% CI 1.010-1.840) was significantly associated with increased risk of SLE. According to the analysis results of the recessive model, there were no significant differences among the 18 SNP genotypes (Table 4) .
Linkage disequilibrium analysis
To confirm that the five detected SNPs (rs959989, rs1385374, rs983492, rs12298615, and rs10847697) are independent, we performed a conditional analysis (Table 5) . However, the analysis showed complete abrogation of genetic associations among the five SNPs. This may be due to the relatively high p-value before the analysis, due to the small sample size. We found that the association of rs959989 and rs983492 was slightly attenuated, while associations among rs12298615, rs10847697, and rs138537 were markedly attenuated when adjusted for each other (Table 5 ). In addition, using Haploview, the four SNPs rs12298615, rs959989, rs10847697, and rs138537 are in near absolute linkage disequilibrium (r 2 > 0.98). Thus, we chose rs959989 from the four SNPs and rs983492 to perform a linkage disequilibrium analysis. Future studies with a large sample are warranted. We also note that other variants not assessed in this study are possible and might contribute to this effect.
Next, we performed linkage disequilibrium with the two SNPs rs959989 and rs983492 by using Haploview (Fig. 1) . Table 6 shows the frequencies of different haplotypes and the results from the analysis of the association with SLE. The prevalence of the haplotype TA was significantly higher in the SLE patients than in the control group ( p = 0.024, OR 1.333, 95% CI 1.039-1.125).
Discussion
In this study, we investigated 18 SNPs in the SLC15A4 gene with a case-control study and found that five SNPs (rs959989, rs1385374, rs983492, rs12298615, and rs10847697) were associated with SLE in this Han Chinese population. Using a codominant model for analysis, we found that the frequencies of the rs3765108 AG genotype and the rs7308691 AT genotype were significantly higher in the SLE patients, suggesting that these SNPs may be a risk factor for SLE. Moreover, by using the dominant model, the results suggest that rs1385374 (TT+CT cf. CC) was associated with increased risk of SLE. In addition, one SLC15A4 haplotype was also associated with SLE.
SLE is a systemic autoimmune disease accompanied by auto-antibodies, including anti-DNA and anti-small nuclear ribonucleoprotein (snRNP) antibodies, which lead to multiple organ damage (Liu and Davidson, 2012) . Nucleic acid binding receptors such as TLR7 and TLR9 are crucial in SLE, promoting the production of IFN-1 through plasmacytoid dendritic cells and activating autoreactive B cells (Cao et al., 2008; Green and Marshak-Rothstein, 2011) . Moreover, 
, and the r 2 color scheme is as follows: white (r 2 = 0), gray (0 < r 2 < 1), black (r 2 = 1). TLR7 and IFN-a can act together and induce the switching of B cells to IgG2a/c during influenza infection (Marshak-Rothstein, 2006; Heer et al., 2007) . On the contrary, SLC15A4 was found to be required for the production of antibodies in B cells in a mouse model of lupus, and the lack of SLC15A4 in B cells led to reduced production of IgG2a and IgG2c auto-antibodies such as anti-snRNP and anti-DNA antibodies (Kobayashi et al., 2014) . Interestingly, Dosenovic et al. (Dosenovic et al., 2015) demonstrated that a functional SLC15A4 was required for effective antibody isotype switching to IgG2c, in response to TLR9 stimulation. Previous studies (Lee et al., 2009; Blasius et al., 2010; Sasawatari et al., 2011; Baccala et al., 2013) reported that SLC15A4 has a role in maintaining the appropriate endosomal pH and is necessary for the innate immune response triggered by NOD1, NOD2, TLR7, and TLR9. In a feeble mouse model, defective SLC15A4 led to chronic viral infection by reducing the function of plasmacytoid dendritic cells (Blasius et al., 2012) . Previous studies showed that synonymous mutants can affect splicing events, messenger RNA stability, microRNA binding, nucleosome formation, and genes' translational efficiency, sometimes even causing disorders (Chamary et al., 2006; Plotkin and Kudla, 2011; Waldman et al., 2011) . In our study, we found a significantly lower risk of SLE associated with the SNP rs10847697, a synonymous polymorphism that has been reported associated with discoid rash or renal disorder (He et al., 2010; Wang et al., 2013) . Therefore, this will give us a new research direction to investigate the influence of rs10847697 on the function of SLC15A4. The others four SNPs, however, are all located in the intron region and it is hard to investigate their functional studies.
The first GWAS regarding SLC15A4 showed that it is closely associated with type 2 diabetes in Japan (Takeuchi et al., 2008) . Subsequently, another GWAS by Han et al. reported that SLC15A4 is a new susceptibility gene for SLE and identified two SNPs (rs10847697, rs1385374) associated with SLE in a Chinese population. This is in agreement with our results. In addition, several other research projects revealed that many clinical features were associated with the two SNPs (He et al., 2010; Wang et al., 2013; Zuo et al., 2014) .
Interestingly, a recent study identified new risk loci associated with SLE, using high-density genotyping based on the Immunochip SNP microarray, in Asian ancestry (Sun et al., 2016) . In their research, five SNPs (rs959989, rs1385374, rs983492, rs12298615, and rs10847697) were detected and are generally consistent with our results, except rs983492. We speculate that this difference may be due to different detection methods and racial constitution. Further studies with larger sample sizes are needed to confirm this hypothesis.
The present study is limited in that the p-values reflected much less significance compared with previous studies, and no significant difference was indicated after the Bonferroni correction or through the Benjamini-Hochberg method. This may be due to the relatively small sample size of our study (hundreds), compared with previous studies (thousands), which limited statistical power. It also must be noted that patients of other ethnicities may have greater differences in allele frequencies (Mori et al., 2005) than our Han Chinese population. Therefore, our results may not be applicable to other populations. Functional studies of the identified SNPs are warranted, and we are planning a future investigation of the expression and 3¢-untranslated region of the gene using microRNAs in vitro.
The pathogenesis of SLE is believed to involve the combined effects of a large number of minor genes, and one of these is SLC15A4. Our study provides clues that help elucidate the role of the SLC15A4 gene in the pathogenesis of SLE in Han Chinese people. More comprehensive research that includes populations of different ethnicities is warranted. Further studies should focus on the physiological functions of the mutated loci that occur with significantly different frequencies between SLE and healthy individuals, as well as the influence of SNPs in SLC15A4 on SLE in the Han Chinese population. 
